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PROJECT SUMMARY

The ocean plays a critical role in the global carbon cycle as it is a vast reservoir of
carbon, naturally exchanges carbon with the atmosphere, and consequently takes up a
substantial portion of anthropogenically-released carbon from the atmosphere. Although
the anthropogenic CO2 budget for the last two decades, i.e. the 1980s and 1990s, has been
investigated in detail (Prentice et al., 2001), the estimates of the oceanic sink were not
based on direct measurements of changes in the oceanic inorganic carbon.

Recognizing the need to constrain the oceanic uptake, transport, and storage of
anthropogenic CO: for the anthropocene and to provide a baseline for future estimates of
oceanic CO2z uptake, two international ocean research programs, the World Ocean
Circulation Experiment (WOCE) and the Joint Global Ocean Flux Study (JGOFS),
jointly conducted a comprehensive survey of inorganic carbon distributions in the global
ocean in the 1990s (Wallace, 2001). After completion of the US field program in 1998, a
five year effort — the Global Ocean Data Analysis Project (GLODAP) - was begun to
compile and rigorously quality control the US and international data sets including a few
pre-WOCE data sets in regions that were data limited (Key et al., 2004). Although these
data have improved our understanding of the spatial distributions of natural and
anthropogenic carbon in the ocean, they have yet to be fully exploited to examine the
mechanistic controls on these carbon distributions or to understand the temporal patterns
of variability.

Most of the approaches used to estimate anthropogenic COz2 in the oceans are
based on assumptions of steady state circulation and constant biology. It is becoming
increasingly apparent that these assumptions may not hold in a global change
environment. The most important component of an assessment of ocean biogeochemical
change, whether of natural or anthropogenic origin, is high-quality observations. The
WOCE/JGOFS data set provides an important point of reference for ocean carbon
studies. Many other useful data sets have not been analyzed in such a context, however
because there has not been a coordinated effort to bring these data together and no data



management system to make navigation and exploitation of these data convenient.

The NOAA Office of Climate Observation’s Carbon Network (hydrographic
sections, underway pCOz, and CO2 moorings) is a valuable contribution to the Global
Ocean Observing System (GOOS) and Global Climate Observing System (GCQOS). It is
not sufficient, however, simply to collect and archive the data, if we expect the data to
improve our understanding of the global carbon cycle and the role of the ocean in
climate change.

Recognizing the need for proper data management and synthesis, NOAA’s Office
of Climate Observations (OCQO) has funded several projects to manage and perform an
initial interpretation of the data collected from the Carbon Network. Because three of
these OCO projects are very closely linked and often work together to generate an end
product, we have combined the projects into one management and synthesis project as of
this report. The goal of the Global Carbon Data Management and Synthesis Project is to
work together with the OCO carbon measurement projects to take the fundamental
carbon observations and turn them into products that are useful for scientists and the
public for understanding the ocean carbon cycle and how it is changing over time. This
effort ranges from ensuring that the observations are of the highest quality and are
mutually consistent with each other to combining the observations into a common data
set that is available and easy for the community to use and explore to evaluating the time
rate of change in global ocean carbon uptake and storage. This project brings together
ocean carbon measurement experts, information technology experts and data managers to
ensure the most efficient and productive processing possible for the OCO carbon
observations.

BACKGROUND

Although ocean carbon uptake and storage plays a critical role in influencing
global climate change, the community involved in studying ocean carbon is not as large
nor is it as geared towards operational activities as the climate and physical
oceanographic communities. There are no operational data centers ready to take the basic
carbon observations and turn them into products like the climate forecasts or reanalysis
products. As a consequence, the ocean carbon community is expected to provide the
public with advanced analysis products, like global CO2 flux maps or maps of the
patterns of CO2 uptake and storage, in addition to the basic observations. The generation
of these products is the objective of this project, but it is a somewhat complicated process
because it involves several data manipulation steps and coordination with many other
investigators. For this report we divide the process into three categories: measurement
coordination and initial quality control, data management and contextual quality control,
then synthesis and interpretation.

The number of observations needed to address a global issue like ocean carbon
uptake and storage is well beyond the capabilities of one lab or even one country. Thus,
there are many laboratories from several countries involved in the assessment of global
carbon distributions. To produce the greatest return on the US investment in ocean carbon
measurements, we must ensure that all of the US laboratories are using consistent cutting-
edge techniques, are assessing and documenting the data quality, and are coordinating the
US measurements with the international programs so that once the data are combined we
get the most extensive coverage possible. This is the measurement coordination and



initial quality control portion of this project. Once the data are collected and the initial
data quality has been documented, then the data must be pulled into a data management
system that brings the individual laboratory data sets together into a common data base.
At this point the data sets are large enough that it is awkward to manipulate without a
data visualization program. Once the data set is assembled, the internal consistency of the
data relative to any crossing or historical data must be checked. This is the data
management and contextual quality control portion of the project. The final step in the
process is taking the data set and examining it to understand how the current carbon
distributions have changed and the mechanisms responsible for the observed changes.
This last step is an evolving set of analyses that is continually improved and adapted as
additional data is added to the data set. Each of these three steps is related and often
requires iterative refinements of the previous steps to develop the final products leading
to improved estimates of ocean uptake and storage.

The OCO ocean carbon network makes two basic types of observations: surface
COz2 observations with ships of opportunity and moorings and water column carbon
observations with repeat hydrography cruises. The Global Carbon Data Management
and Synthesis Project addresses both observation types. Because surface observations
are collected in a different manner and have different requirements for developing the
final product than the repeat hydrography data, the data management for these two data
types is discussed separately. The activities and accomplishments for both data types in
FYO06 are discussed below.

ACCOMPLISHMENTS

Measurement Coordination and Initial Quality Control
Repeat Hydrography

Annual COz2 science team meetings held by the Department of Energy (DOE)
proved to be a valuable contributor to the coordination and quality control of the
WOCE/JGOFS global survey data collected in the 1990s. These meetings provided
an opportunity to discuss past data quality, potential refinements of the methods, and
plans for future cruises (e.g. coordination of shipping, needs for reference materials,
personnel issues). Learning from that approach, the scientists involved in the US
CLIVAR/CO2 Repeat Hydrography Program regularly meet to discuss measurement
coordination and data quality issues. The last formal meeting of the measurement
group was organized by Feely in September 2005 in Boulder, CO. This meeting
examined the data quality issues for the recently completed A16S and P16S cruises as
well as plans for future cruises including the NOAA led 2006 P16N cruise.
Additional informal meetings of the group were held at the Fall AGU meeting in
December, 2005 and the Ocean Sciences meeting in February, 2006. The group
remains in frequent contact via email and phone and also works closely with the US
CLIVAR/CO2 Repeat Hydrography Steering committee through Richard Feely (co-
chair), Gregory Johnson (committee member), Frank Millero (committee member)
and Christopher Sabine (committee member).

The US activities are also coordinated with the international carbon community
through the International Ocean Carbon Coordination Project (Christopher Sabine,



chair). Recognizing the immediate need for global-scale coordination of carbon
observations and research efforts to achieve the goal of a global synthesis, the IOC-
SCOR Ocean CO2 Panel (http://www.ioc.unesco.org/iocweb/co2panel/) and the Global
Carbon Project (GCP; http://www.globalcarbonproject.org/) initiated the International
Ocean Carbon Coordination Project in 2002 (IOCCP; http://www.ioc.unesco.org/ioccp/)
to: (1) gather information about on-going and planned ocean carbon research and
observation activities, (2) identify gaps and duplications in ocean carbon observations,
(3) produce recommendations that optimize resources for international ocean carbon
research and the potential scientific benefits of a coordinated observation strategy, and
(4) promote the integration of ocean carbon research with appropriate atmospheric and
terrestrial carbon activities. It is through the workings of the IOCCP and international
CLIVAR that international coordination of data management, data synthesis and
scientific interpretation of the global repeat sections results is being implemented.

In addition to overall coordination activities, the Global Carbon Data
Management and Synthesis group has been working to ensure the timely submission of
fully documented data to the Carbon Dioxide Information Analysis Center (CDIAC) for
release to the public. CDIAC is also working closely with the IOCCP to help facilitate
international coordination of cruises by creating a clickable map of completed CLIVAR
repeat hydrography cruises
(http://cdiac.ornl.gov/oceans/RepeatSections/repeat_map.html) that is linked to the
IOCCP map of planned repeat hydrography cruises
(http://ioc.unesco.org/ioccp/Hydrography/Hydro_Map.htm). Thus far, CDIAC has
received and processed 12 international data sets from the repeat hydrography program.
Data from two US cruises, A16N and A16S, have already been published as numeric data
packages (NDP-085 & NDP-087) and are available in both hard copy and electronic
(HTML) format from CDIAC.

Within this last fiscal year, we have produced two comprehensive cruise reports
for the NOAA led cruises: A16S in 2005 (http://www.aoml.noaa.gov/ocd/gcc/al6s/) and
P16N in 2006 (http://whpo.ucsd.edu/data/co2clivar/pacific/p16/p16n_2006a/index.htm).
A separate report on the internal consistency of the carbon system parameters on A16S
was published with the CDIAC NDP-087 (Wanninkhof et al., 2006a). Internal
consistency calculations have been performed for the A16 and P16N cruises, taking
advantage of the high quality pH, pCOz2, DIC, and TA data. The comparisons show that
to fully constrain the carbon system, measurements of water column pCO2 and/or pH are
critical. These results suggest that the pCO2 and/or pH measurements should be elevated
to a level 1 parameter (from the current level 2 status). This proposal will be brought to
the US CLIVAR/CO2 Repeat Hydrography Steering Group and is one clear example how
subsequent analysis of the data can feed back to decisions on measurement protocols.

The group is also working with Dr. Robert Byrne (University of South Florida)
and others to evaluate new instruments capable of making high precision ship-board
carbon measurements. A paper describing a novel underway system to measure pH,
pCOz2, and DIC, used for the first time on a major cruise, A16S, is in preparation
(Wang et al., in prep). Analysis was performed to compare the underway data with the
discrete data obtained at the stations as a robust indicator of system performance.

Surface CO2



A meeting of the NOAA funded surface pCOz2 investigators was organized by
Wanninkhof in Miami, FL early in FY06 to discuss standardization of measurement
protocols and data processing routines (http://www.aoml.noaa.gov/ocd/gcc/pco2/). As
part of the meeting there was a round robin exchange of shipboard data between the
groups to compare data reduction software. This exercise proved to be very useful for
identifying the impact of differing data reduction routines. Many important agreements
were reached that should improve the uniformity of data products coming from these
groups in the future. The participants also discussed future improvements to the systems,
agreements on running the systems in coastal regions, and efforts to work with a private
company, General Oceanics, to build standardized instrumentation for the community.
Working with the IOCCP, these agreements have been provided to the international
community in an effort to promote a more uniform handling of surface pCOz data in the
international community.

A joint meeting of the surface CO2 group and the repeat hydrography group is
planned for FY07 because there is some overlap in the coordination of all these
measurements. This joint meeting should also promote a more integrated approach to
data management and synthesis.

Data Management and Contextual Quality Control
Repeat Hydrography

All of the US CLIVAR/CO2 Repeat Hydrographic data is managed by CDIAC
and the CLIVAR and Carbon Hydrographic Data Office (CCHDO) at Scripps. As a
world data center, CDIAC also collects and manages carbon data from many
international cruises. Alex Kozyr from CDIAC is an active member of the Global Carbon
Data Management and Synthesis Project and has been working with the group to improve
the utility of the CDIAC data sets. The latest advancement is the development of a Web-
Accessible Visualization and Extraction System (WAVES). This is a data management
system that allows one to subset a large oceanographic data set based on a variety of
spatial, temporal, or meta-data criteria (Figure 1). This program was developed at CDIAC
with DOE funding but is benefiting the NOAA data management project. Currently, all
of the CDIAC water column measurements are available through the system. The CDIAC
surface COz2 data should be completed and opened for public use in 2007.

In addition to the individual cruise files maintained at CDIAC, Robert Key at
Princeton University also maintains a collection of cruises that have been merged
together for the group’s scientific analyses. The WOCE/JGOFS version of this collection
is called GLODAPvV1.1 and has been described in the literature (Key et al., 2004; Sabine
et al., 2005). Over the past year significant progress has been made on the construction of
a new data base which includes a temporal component. In large part the mechanics of
constructing this data base are very similar to those used for GLODAPv1.1. The primary
difference is that the new collection is based largely on cruise results generated by the
European ocean carbon community. These data have not previously been available for
use by U.S. scientists. Also significant is the fact that the vast majority of these new data
are from the northern North Atlantic. Coverage of that area in GLODAPv1.1 was sparse
to none.

The original “CARINA” collection of European cruises was transferred to



CDIAC for archiving and subsequently to Princeton for synthesis. The initial synthesis
phase has consisted of primary quality control and collection of metadata. During the
first two years of this effort Key attended all the CARBOOCEAN meetings
(participation funded by CARBOOCEAN) and developed a close collaboration with the
European community. This interaction combined with the initial data synthesis directly
resulted in a significant increase in the data collection from 30 to 80 cruises (by mid
summer 2006). In many cases the data from the new cruises is significantly better than
the original collection. Primary quality control of all measured parameters from these 80
cruises and metadata collection has been largely completed. The task continues because
previously unknown (yet relevant) data are continually being "discovered" for existing
cruises and new cruises are still being added.

W.A.V.E.S \

Web-Accessible Visualization and Fxtraction System
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Figure 1. Front page of WAVES web interface.

CLIVAR data collection and processing has been progressing smoothly. With a
couple of notable exceptions, all of the CLIVAR carbon data have been submitted to both
CCHDO and CDIAC well ahead of the minimum time requirement of this program. The
new U.S. data (and the Japanese CLIVAR data) have been extremely high quality. The
combination of initial high data quality together with the fact that the Carbon Data
Management and Synthesis group has extensive experience working together has made
the quality control of these data almost routine. For example, Figure 2 shows a recent
comparison of data from two CLIVAR/CO:2 Repeat Hydrography cruises in the North
Pacific: the 2004 P2 cruise along 30°N and the 2006 P16N cruise along 152°W. The deep
water values for temperature, salinity, DIC and total alkalinity agree very well between
these cruises. Figure 3 also shows a comparison between the 2006 P16N data and the
previous occupation of this line in 1991 along the relatively deep 41.425-41.450 o3
isopycnal surface. There appear to be no significant differences in any of the parameters
examined at this surface indicating that the data are consistent with each other. Over
determination of the carbon system on all NOAA led CLIVAR/CO:2 Repeat Hydrography



cruises has been extremely beneficial both for technical issues and scientific reasons. We
encountered one major data issue during the past year when NODC imported (from
CCHDO) and distributed raw shipboard carbon data from three cruises. However, the
problem was quickly discovered by A. Kozyr (CDIAC) and steps have been taken to
assure that this does not happen again.
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Figure 2. Comparison of profiles from stations near the intersection of P2 and P16N.
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Surface CO2

The PMEL data management infrastructure (software and hardware) is now in
place to efficiently handle existing and new surface CO: datasets. Development of the
Live Access Server (LAS) to make meaningful manipulations and displays of surface
CO2 measurements has been ongoing at PMEL for several years under Hankin’s
guidance. A prototype of this system based on the new LAS software has been populated
with 1.2 million data records from the PMEL, AOML, and LDEO archives. The
advantages of an integrated data management approach are already bearing fruit as the
automated ingestion process was able to identify inconsistencies in several of the data
sets such as duplicate records, out-of-range values, invalid dates, etc. Interaction between
Dr. Callahan (PMEL) and the data providers resulted in corrections to data files that had
been considered “final’.

The Ocean Carbon Data Management System (OCDMS) at PMEL takes
advantage of the latest LAS code that has been completely rewritten in the last two years
with a new, more robust design and using recently available technologies. The new LAS
code will allow for easier maintenance, installation and product development going
forward. Many enhancements were made to the LAS user interface and output products
so that individual cruises may be identified by name on plots. These plots show multiple
cruise tracks which may be individually selected for inspection of metadata, single cruise
visualization or subsetting. Subsampled versions of the complete database were created to
optimize LAS performance when users request large regions of space and time. It is now
possible to interactively produce LAS plots showing all data from all cruises — a
significant achievement for a database of this size.

Once the OCDMS has been thoroughly tested by the Carbon Data Management
and Synthesis group, it will be replicated at CDIAC for large-scale community use.
Efforts are currently underway to ingest the recently acquired Takahashi data set which
contains in excess of 3 million data points. While these data will be preserved as a
unique data set, the LAS system will allow users to subset and explore the data
efficiently.

CDIAC and the rest of the group are also working with the international
community through the IOCCP to standardize data and metadata reporting for surface
CO2 data. However, not all investigators measure exactly the same parameters.
Calculations to convert measured values to standard units have not always been well
documented. In an effort to support this move towards standardized reporting, AOML,
PMEL, and LDEO have reformatted all of their historical data to be consistent with the
internationally agreed upon formats.

CDIAC has generated a web site with clickable maps showing past and
current VVolunteer Observing Ship (VOS) lines
(http://cdiac.ornl.gov/oceans/VVOS_Program/VOS_home.html) and CO2 mooring
locations (http://cdiac.ornl.gov/oceans/Moorings/moorings.html). These maps are
closely linked with IOCCP maps showing current and planned VOS lines and CO2
moorings.



Synthesis and Interpretation
Repeat Hydrography

The repeat hydrography cruises have received a lot of attention in the scientific
community. All of the members of the Global Carbon Data Management and Synthesis
group have given talks at a wide variety of meetings based on the repeat hydrography
data and papers are starting to come out presenting some of the results. This past year a
special session was organized by L. Talley and R. Feely at the AGU/ASLO Ocean
Sciences meeting in Honolulu, Hawaii titled “Decadal Variations in Ocean Interior
Circulation and Biogeochemistry: Results From the CLIVAR/CO2 Repeat Hydrography
Program”. Feely has organized a similar session at the Fall AGU meeting this December.
He has also published an article in EOS describing the repeat hydrography program and
summarizing the results to date (Feely et al., 2005). The community has recognized that
these cruises are a great contribution to our improved understanding of ocean carbon
changes.

Now that we are approximately half way through the first global repeat
hydrography survey, many international synthesis and interpretation efforts are
developing. Our group has been actively involved in several efforts including an
Atlantic synthesis meeting in Laugarvatn, Iceland in June 2006, discussions of a Pacific
synthesis at the PICES annual meeting in Yokohama, Japan in October 2006, and
discussions of an Indian Ocean synthesis at the SIBER meeting in Goa, India in October
2006. There have also been recent email discussions of forming a Southern Ocean
synthesis activity through CARBOOCEAN including members of our group. Our
NOAA project is one of the only organized groups that are affiliated with synthesis
activities in all of the major ocean basins.

Our group has been actively sought out to participate in the synthesis activities
because we have valuable experience from our GLODAP synthesis of the
WOCE/JGOFS data, because we have important data holdings to contribute to a
synthesis effort and because we are seen as leaders in promoting and organizing data
synthesis activities. We have been actively involved in data synthesis for many years
and have been important contributors to a growing realization among scientists that
interpretation of the repeat hydrography data will not be as straightforward as initially
thought.

During the initial GLODAP synthesis the steady state assumption (in one form or
another) was core to many of the analyses. Subsequent analysis by this group and many
others has demonstrated that our assumptions were reasonable under the conditions we
had for that synthesis. Paramount among these was the simple fact that the time
separation between WOCE and previous measurement programs was 15-25 years. Over
that time span changes due to the invasion of anthropogenic carbon effectively masked
any changes due to biology or physics. CLIVAR is repeating WOCE/JGOFS lines with a
time separation of about 10 years. Over this time frame the signal to noise ratio is much
smaller and we are now strongly focused on change rather than simply asking distribution
and inventory questions. In other words, the scientific analysis is significantly more
difficult than anyone imagined.

We initially hoped that a reasonable estimate of the change in anthropogenic
carbon could be obtained simply by repeating measurements along the WOCE/JGOFS



sections then using either simple Multiple Linear Regressions (MLR) or subtraction to
find the decadal change. Either of these techniques do show the absolute change in
inorganic carbon, however a significant fraction of that change is due to processes other
than simple invasion of the anthropogenic signal. Probably the two most important
factors which were not initially considered are interannual circulation variations and
changes in oxygen ventilation. Recently Feely, Sabine and Wanninkhof have worked
with other researchers to develop various new analysis techniques including oxygen
corrections and MLR variants to isolate the anthropogenic component. For example,
Figure 4 shows a series of sections from the P16 line along 152°W in the central Pacific.
This line, completed in 2006, was last occupied in 1991. The top plot shows a section of
the observed change in dissolved inorganic carbon (DIC) during the 15 years between
cruises. These results are based on a multiple linear regression to remove small variations
in the water mass locations. Figure 4B shows the change in apparent oxygen utilization
(AOU) along the section. These changes in AOU could result from changes in biological
production/decomposition, from changes in water mass age, or from changes in oxygen
ventilation at the surface. Figure 4C shows the AOU change converted to carbon units
based on a Redfield C/O ratio of 117/170. Figure 4D is the difference between the
observed carbon changes (4A) and the non-gas exchange impacts on carbon (4C). This
difference should represent the anthropogenic CO2 uptake in the Pacific over the last 15
years. We are still working to validate these preliminary results, but the initial conclusion
is that the ocean carbon cycle is responding to more than just the simple invasion of
anthropogenic COz2 and these other processes can be of the same order of magnitude as
the anthropogenic signal.
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DIC change from AOU based on Redfield conversion from oxygen to carbon, and (D) anthropogenic
DIC change (observed DIC — AOU based DIC change) between 1991 and 2006 along P16 (150°W).

Members of the Global Carbon Data Management and Synthesis group have also




been involved in model-data comparisons, further evaluations of the AC* based
anthropogenic COz2 distributions and the evaluation of alternative independent approaches
for estimating anthropogenic CO2 total inventories. As part of a continuing effort to
increase the global carbon database, Peng has been working to evaluate historical carbon
data sets relative to the WOCE/JGOFS data. The carbon data collected during the
GEOSECS program in early 1970s represent the first systematic survey of inorganic
carbon parameters on a global scale. These data can provide a critical time period for
evaluating changes in ocean carbon inventory relative to later cruises. It is essential,
however, that the historic GEOSECS data set is consistent with recent high quality
carbon data collected using improved measuring techniques and validated with the use of
reference materials. Re-evaluation of GEOSECS carbon data in the Atlantic Ocean by
examining properties in deep water at crossover stations between GEOSECS and WOCE
cruises shows that DIC measurements made during the GEOSECS program are
systematically higher than those made during the WOCE/JGOFS global CO2 survey
(Figure 5). These systematic changes, however, vary from one GEOSECS expedition to
the next. Atlantic DIC offsets range from 5+ 5 umol kg'1 south of 15°S to 27 = 9 umol

kg north of 15°N.
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Figure 5. Systematic offsets of DIC in the Atlantic between GEOSECS and WOCE as determined

by MLR method using crossover station deep-water properties.

Using MLR approaches to evaluate the water column changes in DIC between the
bias corrected GEOSECS and WOCE cruises gives uptake estimates ranging from 0.28
mol m” yr for the eastern South Atlantic (south of 15°S) to 0.97 mol m " yr_ for the
eastern North Atlantic (north of 15°N). The uncertainty of these estimates is high due to
insufficient GEOSECS data and because the quality of these baseline data is not as good



as recent WOCE data, but the observed patterns in uptake will provide valuable
information when compared to recent re-occupations in these regions.

Surface CO2

One of the premier ocean data products used in global carbon cycle research has
been the global air-sea CO2 flux climatology by Taro Takahashi (LDEO). The first
climatology was published in 1990 and contained less than half a million data points
(Tans et al., 1990). Over the years, the Takahashi climatology has been updated and
revised. The most recent climatology, published in 2002, contained approximately one
million data points (Takahashi et al., 2002). With valuable contributions from the NOAA
VOS and mooring program, the Takahashi data set is now over three million data points.
The Carbon Data Management and Synthesis group is working with Takahashi to prepare
the latest climatology, which hopefully will be submitted within the year.

Although the climatology is a valuable contribution, the first step to decrease the
uncertainty in ocean COz2 uptake is to determine the natural variability in air-sea CO2
fluxes. This can be done with models or through an innovative technique of utilizing the
Takahashi CO2 climatology and annual changes in sea surface temperature. This method
takes advantage of the strong and regionally unique correlation of SST with surface water
pCO2. The method was first proposed in Lee et al (Lee et al., 1998) and expanded upon in
Park et al. (Park et al., 2006). We have utilized the algorithms provided in Park et al. and
global SST products from AVHRR (through the NOAA Coastwatch program) and winds
from the NCEP assimilation product to estimate the global air-sea fluxes on annual
timescales. The results of the analysis of Park et al. and our effort are shown in figure 6.
While the trends during the period of overlap are the same there is an appreciable offset
in the datasets that is attributed to use of different wind speed products. Using data
obtained by the OCO funded pCO2 on moorings and ships projects, and a pending
proposal to GCC we will improve the regional pCO2-SST relationships and decrease the
uncertainty in the estimates.
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Figure 6. Preliminary analysis of interannual variability of air-sea CO, fluxes based on SST
anomalies from 1995-2005. The average global wind used, Uy, is shown on the right axis. The
recent analyses of Park et al. 2006 is shown as comparison.
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In an effort to improve the algorithms used in the flux maps described above, we
are working to develop improved regional empirical relationships between surface
seawater pCO2 and parameters that can be observed with satellites. PMEL has recently
improved the algorithms for the equatorial Pacific, a region with very large fluxes of CO2
out of the ocean but also large interannual variability (Feely et al., 2006). AOML has
been examining empirical relationships for the eastern Caribbean where sea surface
temperature appears to be a good proxy for surface water pCO2 (Wanninkhof et al.,
2006b). We anticipate implementing these new algorithms in future calculations of the
CO2 flux maps in an effort to reduce the overall uncertainty.
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